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A DNA region containing several repetitive motifs has been detected about 1.9
kbp upstream of the transcription unit of the rat stress-inducible hsp70.1 gene.
The most interesting element of this area is a microsatellite sequence
(GA)sCAG(TC)24 that consists of an inverted repeat partially overlapping with
the long homopurinehomopyrimidine tract (Pw/Py). DNA molecule within the
described sequence can theoretically adopt alternate, non-B structures (H-DNA
or cruciform) containing single-stranded regions. This microsatellite region is
flanked by AT-rich sequences containing several poly(A) tracts. The longest of
them with a possible potential to destabilize a double-stranded DNA helix is
localized around 160 bp downstream the (GA)sCAG(TC)g4. The DNA fragment
containing sequences described above was subcloned into the pUC19 vector
and the resulting plasmid was subjected to the standard S1 susceptibility assay.
Preliminary mapping of the S1 cleavage site indicates for the formation of the
non-B-DNA structure within the Pu/Py tract. This is to our knowledge a first
report on the existence of a complex microsatellite region upstream the 5-end
of the hsp70 gene in mammals.

The homopurine/homopyrimidine DNA  posed of Pu/Py repetitive sequences are sug-
stretches are commonly found in mammalian  gested to form triple-stranded DNA strue-
genomes within 5° and 3" end flanking se- ture called H-DNA [2, 3]. In the human
quences as well as within the coding regions  genome the frequency of finding sequences
of various genes [1]. Such DNA regions com-  with a potential to form H-DNA is about 1 in

*This work has been supported by a grant from the Polish National Cancer Program CPBR 11.5, hy
the State Committee for Scientific Research (grant PB 0329/P2/93/05) to Z.K. and by the Foundation
for Polish Science (grant BIMOL 76/9) to Z.K.

“To whom correspondence should be addressed: Katarzyna Lisowska, Department of Tumor Biclogy,
Center of Oncology, Maria Sklodowska-Curie Memorial Institute, Wybrzeze Armii Krajowej 15, 44-100
Gliwice, Poland, tel: 31 10 61 ext. 892, fax: 48+32+313512

Abbreviations: H-DNA, “hinged DNA”, triple stranded DNA structure; hsp, heat shock protein; MAR,
nuclear matrix attachement sites; MHC, major histocompatibility complex; TBE buffer, Tris/bo-
rate/EDTA electrophoresis.




148 K. Lisowska and others

1997

50 kbp [4]. Long Pu/Py tracts once regarded
as “junk” DNA are currently considered to be
important structures of several possible func-
tions in vive. Such sequences can function
either as a negative or positive “cis” regula-
tory element in transcription ([5, 6] and ref-
erences therein). Another proposed function
for the long homopurine/homopyrimidine re-
gion is that of the recombination “hot-spot”
(I7] and references therein). The Pu/Py re-
gions with a potential to form H-DNA strue-
ture are also frequently found within nuclear
matrix attachments sites (MAR) ([6, 8] and
references therein). Palindromic sequences
and inverted repeats can form cruciform
structures, which may be involved in origin
of replication of DNA ([8] and references
therein). Repetitive microsatellite sequences
are also suggested to be responsible for in-
creased recombination frequency.

Recently we isolated from a rat genomic
library [9] the heat inducible hsp70.1 gene
[10, 11]. This gene is one of the three hsp70
genes localized within the rat MHC complex
[12]. Our earlier results indicated that the
DNA region flanking the 5" end of the
hsp70.1 gene contains repetitive sequences
[9]). Here we report preliminary characteri-
zation of the long homopolypurine/homaopo-
lypyrimidine tract found upstream the
transcription initiation site of the hsp70.1
gene.

MATERIALS AND METHODS

DNA sequencing and analysis. Sequenc-
ing was performed with the polymerase T7
Kit (Pharmacia) as described earlier [11].
DNA sequence was analyzed by PC/GENE
(IntelliGenetics) software, programs DNA-
HELIX, RICHREG and PHYSCHEM.

S1 nuclease assay. Plasmid DNA was in-
cubated in the 81 buffer (final concentration:
30 mM sodium acetate, pH 4.5, 50 mM NaCl,
1 mM zine chloride, and 5% glycerol) for 30
min on ice [13]. S1 nuclease (Pharmacia) was
diluted in the buffer containing 10 mM so-
dium acetate, pH 5.0, 1 mM dithiothreitol,
0.1 mM zinc chloride and 0.001% Triton X-
100 [14]. Appropriate concentrations of the
nuclease were added to the DNA samples

(usually: 5, 10, 25, 50, 100 and 500 u of S1
nuclease were used) and reactions were car-
ried out on ice for 10 min according to [13,
14]. Reactions were stopped by the addition
of Tris base and EDTA to the final concentra-
tions of 90 mM and 45 mM, respectively [14].

Mapping of the S1 cleavage site(s). Pre-
liminary mapping of the S1 cleavage site was
done by the digestion of the S1 treated plas-
mids with the Pstl enzyme recognizing
unique restriction site within both pUC19
and pB8/1.0 plasmids. S1 digested plasmids
were phenol extracted and ethanol precipi-
tated. DNA was then resuspended in 1 x H
buffer (Boehringer) and incubated with the
Pstl (Boehringer) and with Hpal (Pharma-
cia) restriction enzymes at 37°C. After incu-
bation the DNA samples were fractionated in

1% agarose gel at 6.5 V/icm in 0.5 x TBE
buffer.

RESULTS AND DISCUSSION

We have previously shown that the 4.1 kbp
DNA fragment isolated by us from the rat
genomic library contained entire transcrip-
tion unit of the heat inducible hsp70.1 gene
[9, 11]. After establishing the nucleotide se-
quence of the gene [11] we sequenced the
upstream DNA region in search for repetitive
DNA sequences and possible distal regula-
tory elements. At the distance of 1.9 kbp
upstream the transcription start site of the
hsp70.1 gene we found the region of approx.
500 bp in which repetitive sequences of sev-
eral types were localized (Fig. 1). A central
part of this region contains multiple mi-
crosatellite  sequences. The longest
(GA)gCAG(TC)g4 sequence is composed of 12
bp long inverted repeat partially overlapping
with the 48 bp long homopurine/ho-
mopyrimidine tract. This sequence is directly
flanked at 5” and 3” end by 11 and 9 repeats
of TG dinucleotide respectively. Upstream
and downstream of the above described mi-
crosatellite region several tracts enriched in
AT (over 80%) are localized. These AT-rich
regions contain multiple poly(A) tracts with
the longest of approximately (A)7g localized
170 bp downstream the (GA)gCAG(TC)q4 se-
quence (Fig. 1).
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In the conditions of superhelical strain long
Pu/Py tracts were found to form H-DNA tri-
plex while inverted repeats are able to adopt
cruciform structure ([2—4] and references
therein). In each of these structures the ex-
istence of single stranded regions prone to
digestion with S1 nuclease is anticipated.
Also the enrichment in AT bases decreases
the melting temperature of the double DNA
helix and can destabilize the structure of
DNA.

above was subcloned in the pUC19 vector
(Fig. 2A). Then, the resulting p68/1.0 plasmid
as well as the control pUC19 plasmid were
digested with increasing concentration of the
51 nuclease and subsequently cleaved with
the Pstl restriction enzyme (Fig. 2B). The
p68/1.0 plasmid was expected to have three
potential sites sensitive to nuclease S1. Two
of them: the (GA)gCAG(TC)q4 region and the
region containing long poly(A) tract, are both
localized within an insert. Third region —
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Figure 1. Schematic representation of the far 5° upstream region of the hsp70.1 gene with part of its
nucleotide sequence and approximate position of some restriction sites.

Dashed boxes indicate AT-rich regions and Pu/Py tract. (+1) indicates transcription initiation site and the arrow
shows direction of the mRNA synthesis. HSE1, HSE2 and HSES indicate so called heat shock elements, regulatory
sequences typical for heat shock genes promoter region. DNA sequences enriched in A+T base pairs are underlined.
The polypurine/polypyrimidine (Puw/Py) sequence which can potentially adopt triplex conformation is double
underlined. Inverted repeat potentially capable of forming cruciform structure is marked by upper line. The

sequence has been submitted to EMBL data base with the accession number X74271.

In order to reveal a possibility of non-B-
DNA structure formation within the
(AT).(GA)gCAG(TC)4..(AT) region descri-
bed above we performed a standard nuclease
51 susceptibility assay [2, 3, 15, 16]. The 1.0
kbp EcoRI-Pstl restriction fragment con-
taining all repetitive sequences described

composed of three inverted repeats with a
potential to form cruciform structures — is
localized within the pUC19 vector ([17]; see
also Fig. 2A).

It can be seen that the digestion of the
p68/1.0 plasmid with S1 nuclease followed by
Pstl restriction generates the DNA fragment
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of approx. 0.85 kbp (Fig. 2B, left panel). In
the same conditions the pUC19 vector was
only linearized (Fig. 2B, right panel). These
data indicate that single stranded region(s)
susceptible to nuclease S1 is formed by se-
quences of the insert and not by inverted
repeats region within the pUC19 vector. The
size of the DNA restriction fragment cleaved
from the p68/1.0 plasmid indicates also that
nuclease S1 digests the insert most probably
within the Pu/Py stretch and not within the

- o 1997
fragment was secondary digested with Hpal
enzyme. Hpal cuts once within the insert and
there is no restriction site recognized by this
enzyme within the vector. Figure 2C shows
that Hpal cleaves the S1-Pstl fragment pro-
ducing two bands, from which it may be
deduced unambiguously that S1 site lies
within the insert and most probably within
Pu/Py region. More precise localization of the
single-stranded region needs cloning and se-
quencing of the DNA fragments generated by
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Figure 2. Structure and digestion of the p68/1.0 plasmid.

(A) Structure of the p68/1.0 plasmid. EcoRI-Pstl restriction fragment of the rat DNA is represented by thick line
pUC19 Vector sequence is represented by thin line. Pu/Py region and AT-rich stretches are shown schematically
as dashed boxes. Open box shows the localization of three inverted repeats in the vector sequence (close to one
another). These elements are supposed to have a potential to form cruciforms [17]. Hpal is a unigue restriction
site present in the insert sequence. (B) Double digestion of the p68/1.0 plasmid (left) and pUC19 vector (right) with
the S1 nuclease followed by Pstl restriction enzyme. (C) Triple digestion of the p6&/1.0 plasmid: after 51 and Pst1
digestion the resulting 0.85 kbp fragment was restricted with Hpal enzyme. Marked lane contains DNA digested
with Styl enzyme; size of the marker DNA fragments is given in kbp.

AT-rich region localized downstream this se-
quence. To further confirm that the above
0.85 kbp fragment is the result of S1 cleavage
within Pu/Py region of the insert and not
within inverted repeats of the vector, this

S1 nuclease. It would also allow us to discuss
the structure adopted by the DNA in the
microsatellite region.

The role (if any) of the microsatellite region
detected by us upstream the rat hsp70.1 gene
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is not yet known. As it has been mentioned
in the Introduction such sequences with a
potential to form either H-DNA or cruciform
are thought to be involved in the regulation
of gene expression, replication of DNA and
recombination.

An intriguing possibility is that the mi-
crosatellite region detected by us can be a
recombination “hot-spot”. In human, mouse
and rats two heat inducible hsp70 genes and
the spermatid-specific hse70t gene are local-
ized within the class III MHC region and in
these species the MHC-linked hsp70 genes
cluster has the same organization. It has
been shown that in the mouse genome most
recombinations in this part of the MHC com-
plex take place between the hsp70.1 gene and
the G7 gene [18]. The DNA sequence in the
above mentioned recombination spot in
mouse genome is not known, thus it can be
only speculated that it can have a similar
structure as Pu/Py region found by us up-
stream of the rat hsp70.1 gene.

The Pu/Py regions with a potential to form
H-DNA structure are regarded as possible
nuclear matrix attachment sites ([6, 8] and
references therein). Indeed, the described
DNA region containing the (GA)gCAG(CT)aq4
sequence surrounded by AT-rich regions
strongly resembles the AT-rich type of
MARs. Our preliminary data show that the
DNA fragment containing repetitive se-
quences described in this paper binds effi-
ciently nuclear matrix proteins in vitro (P.
Widlak, K. Lisowska & Z. Krawezyk, unpub-
lished).

Finally, it has to be noted that microsatel-
lite sequences may have a potential applica-
tion in diagnosis of genomic instability
[19-21]. Further characterization of the
DNA structure described in this report and
determination of its possible in vivo func-
tion(s) are in progress.
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